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(54) A FEED ARRANGEMENT FOR 
WELDING ELECTRODE WIRE 



(71) We, DSO "Metalolebne" of 
Boulevard Totleben 34. Sofia, Bulgaria, a 
State Economic Corporation organised 
under the Laws of Bulgaria, do hereby de- 
5 Glare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

10 

This invention relates to a feed arrange- 
ment suitable for feeding a welding elec- 
trode which is in the form of a wire, the 
arrangement comprising two motor driven 

15 feeding mechanisms arranged at opposite 
ends of a flexible tube through which a 
wire-form electrode is to be fed in the 
direction to one from the other of the feed- 
ing mechanisms. Such an arrangement is 

20 particularly applicable for feeding electrode 
wire over long distances. 

Arrangements for feedmg electrode wire 
over long distances are laiown to us in 
Bulgaria in which at both ends of the 

25 flexible tube there are one or two conven- 
tional wire-feeding mechanisms i.e. mech- 
anisms in which the wire feeding is effected 
by clutching the electrode wire between 
rollers, the axles of these rollers being 

30 perpendicular to the direction of feeding. 
In the known feeding arrangements the 
rollers are driven by an electric motor by 
means of a worm-type reduction gear of 
high transmission ratio. The rate of feeding 

35 of the electrode wire is stabihzed by stabiliz- 
ing the speed of both wire-feeding mech- 
anisms. Because of the high transmission 
ratio of the reduction gear the electric 
motor practically operates under no load 

40 conditions, since the torque against which 
the motor shaft is workmg hardly changes 
when changes occur in the tension of tiie 
electrode wire or in the Mctional resistance 
exerted on the electrode wire by the inner 

45 waH of the fledble tube. In the case of a 



difference in the speeds of both wire-feed- 
ing mechanisms, due most frequently to an 
abrupt bending or straightening of the con- 
necting hose, which leads to a relative 
elongation or shortening of the electrode 50 
wire passing through it, considerable mech- 
anical forces are produced which most 
frequently cause a slip between the rollers 
of the feeding mechanisms and the elec- 
trode wire. The slip can be in the direction 55 
of feeding of the wire or backwards. This 
can cause the quality of. the electrode wire 
to be impaired as a result of tilie slip, and 
also has an effect on the quality of the 
weld by the appearance of so-called buttons. 60 

Attempts have been made to overcome 
these problems by designing the rollers of 
the conventional feed mechanisms to have 
a less damaging effect on the electrode wire. 

A further attempt at improvement has 65 
been the use of a circuit of synchronous 
operation of both motors, while using two 
motors of different type, such as a shunt 
d.c. and a series motor. Other, similar, at- 
tempts have been made at equalizing the 70 
speeds of the motors at the two ends of the 
flexible tube. One such attempt has utilised 
an abrupt change of the relative length of 
the electrode wire betwe^ the wire-feeding 
mechanisms to self-r^ulate its speed of 75 
feedmg by utilising the resultant slip be- 
tween the rotor and stator of at least one 
of the drive motors for the wire-feeding 
mechanisms. This has not been fully suc- 
cessful, however, because the mechanical 80 
inertia of the reduction gear, connecting the 
motors to their wire-feeding rollers, is very 
high. The same problem arises also when 
trying to provide an equal speed of both 
motors. 85 

Further arrangements are known to us 
in Bulgaria which compensate for differen- 
ces occurring in the length of the electrode 
wire and the flexible tube by hydraulic 
means. The pulling and pushing wire-feed- 90 
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ing mechanisms are driven by a hydraulic 
gear, and in the case of a relative differ- 
ence between the length of the electrode 
wire and the flexible tube, they provide a 
5 hydraulic slip (analogous to the slip pro- 
duced in an electric motor) between the 
rollers of both wire-feeding mechanisms 
and the wire. A draw-back of this method 
of feeding is that the system does not re- 

10 spond very rapidly to changes, and in the 
case of abrupt resistances between the flex- 
ible tube and the electrode wire the uniform- 
ity of feeding is disturbed, and hence also 
the normal burning of the arc when welding. 

15 Moreover, the use of hydraulics in welding 
equipment complicates the work of the 
operator, i.e. the welder, because of the 
additional cables and tubes for the hydrau- 
lic system. 

20 According to the present invention there 
is provided a feed arrangement suitable for 
feeding a welding electrode which is in 
the form of a wire, the arrangement com- 
prising two feeding mechanisms arranged 

25 at opposite ends of a flexible tube through 
which a wire-form electrode is to be fed 
in the direction to one from the other of 
the feeding mechanisms, there being first 
and second electric motors arranged for 

30 driving the one and the other feeding mech- 
anisms respectively, the first motor being 
operable to drive the one feeding mechanism 
at a substantially constant rate of electrode 
feed despite variation in mechanical resist- 

35 ance to the electrode feeding motion and 
the second motor being arranged to in- 
crease and decrease the speed of the other 
feeding mechanism in response to increase 
and decrease respectively of the value of 

40 the current drawn by the first motor, 
wherein said one of the two feeding mech- 
anisms is a planetary roller feeding mech- 
anism arranged such that the drive rollers 
thereof which are arranged to contact the 

45 electrode and apply feeding force to it are 
mechanically connected to the rotor of the 
associated drive motor without any reduc- 
tion gearing being connected betwera said 
rollers and said rotor. 

50 A planetary roller feeding mechanism is 
one in which a system of rollers rotates 
around the electrode wire to be fed. Hie 
rollers are in contact with the wire and are 
so angled that as the system of rollers 

55 rotates, the rollers themselves describe heli- 
cal paths on the electrode wire surface and 
displace the wire axially as a result There 
must be relative rotation between the elec- 
trode wire and the system of rollers (this 

60 relative rotation usually being provided by 
the roller system rotating and the electrode 
wire not rotating) for the electrode wire to 
be axially displaced. 
The advantage in the invention arises 

65 from the fact that no reduction gear is re- 



quired between the pulling planetary roller 
feeding mechanism and its dnve motor. This 
is because a planetary roller feedmg mecha- 
nism has a relatively low rate of axial feed 
as compared with its rotational speed. Since 70 
there is no reduction gear the drive motor 
at the pulling end is sensitive to changes in 
mechanical resistance to axial movement 
of the electrode wire, and this enables the 
current drawn by the pullmg motor to pro- 75 
vide a useful indication in dependence upon 
which to regulate the pushing motor to 
enable the pulling motor to maintain a con- 
stant rate of feed to the welding operative. 
Moreover, because the pulling motor has 80 
no associated reduction gear it can operate 
at higher torque than if reduction gears 
were provided. The higher torque means 
that the inventive arrangement can feed 
electrode wire over long distances more 85 
efficiently. 

Particular designs of planetary roller 
feeding mechanisms are illustrated and de- 
scribed in Bulgarian Patent Specifications 
10986 and 12045, which were both pub- 90 
lished in Great Britain before 1973. Two, 
more sophisticated, planetary roller feeding 
mechanisms are illustrated and described in 
British Patent Specification No. 1.320,356 
which corresponds to Bulgarian Patent 95 
Specification No. 14017. 

Preferably, each of the pullmg and push- 
ing mechanisms is a planetary roller mecha- 
nism. 

The or eacl^ planetary roller wire-feeding 100 
mechanism may be driven by a separate 
d.c. motor with separate excitation. 

When there are two such motors they 
may be controlled by two speed regulators, 
supplied by a common current source. The 105 
latter may be located in the source of weld- 
ing current which, in view of the field of 
application of the wire-feeding mechanisms 
for long distances, is located near to the 
pushmg wire-feeding mechanism. The speed 110 
regulator of the motor of the pulling mecha- 
nism regulates, in dependence upon the 
setting of a potentiometer, the rate of elec- 
trode feeding according to the requirements 
of the welder. It also stabilizes the rate of 115 
feeding of the electrode wire towards the 
weld, thus stabilizing also the conditions of 
welding. For its part, the regulator of the 
pushing motor receives a signal indicative 
of the loading of the pulling motor and 120 
changes the speed of the pushing mecha- 
nism so as to distribute uniformly the load- 
ing of friction of the electrode wire in the 
flexible tube between the pushing and pull- 
ing motors. The pulling motor rotates uni- 125 
formly. while the pushing motor rotates at 
a varying damping-increasing speed. 

A further possibility is to proTdde an elec- 
tric connection between the regulators of 
both motors only by two wires built-into 130 



3 



1 463 004 



3 



the flexible tube, by means of which the 
power for the motor of the pulling wire- 
feeding mechanism is supplied. 
For a better understanding of the inven- 
5 tion and to show how it may be put into 
effect reference will now be made, by way 
of example, to the accompanying drawings, 
in which: — 

10 Figure 1 shows the layout of an arrange- 
ment for feeding an electrode wire at long 
distances in accordance with the invention; 

Figures 2, 3 and 4 show the passing of 
15 the electrode wire dirough a long flexible 
tube between the wire-feeding mechanisms 
of Figure 1; and 

Figure 5 shows by means of a graph the 

20 change of the speed of the pushing motor 
after switching-on the pulling motor. 

Figure 1 shows a welding electrode wire 
7 which is rolled on a spool 8. The wire 7 
is pushed by a planetary roller wire-feeding 

25 mechanism 1 (shown merely diagrammati- 
cally) inside a long flexible tube 5 in direc- 
tion E. The motor 3 is shown merely dia- 
grammatically and has its rotor mechani- 
cally connected directly to the rollers of the 

30 mechanism 1 for rotating them bodily about 
the electrode wire 7. The motor 3 is sup- 
plied from the somrce 13 of electric current 
through the regulator 14. The welding cur- 
rent passes along the sheath of the tube 5 

35 througji a cable 17. The welding current is 
thus supplied from the current source 13 
towards the place of welding IL 

At the other end of the long flexible tube 
5 there is provided a pulling wire-feeding 

40 planetary roller mechanism 2, driven di- 
rectly by the rotor of a motor 4 supplied 
by the current source 13 through a regulator 
9. The speed of rotation of tiie motor 4 is 
set and determined by means of a regu- 

45 lating potentiometer 16. The mechanism 2 
feeds the electrode wire through a short 
tube 6 to a welding tool handle 10, from 
where it feeds the electrode wire 7 towards 
the place of welding 11. A bridge 18 pro- 

50 vides an electric path for tlie welding circuit 
between the sheath of the long tube 5 to 
the sheath of the tube 6, and thence to the 
handle 10. 
Wires 12 which are built into the long 

55 flexible tube 5 feed a supply voltage to the 
regulator 9 of the pulUng motor 4. The 
speed of the latter is preset by means of the 
potentiometer 16. An electrical resistance 15 
is connected in series in the supply circuit 

€0 of the regulator 9. 

Preferably, each of the pushing and pull- 
ing planetary wire-feeding mechanisms 1 
and 2 is made according to either of the 
embodiments illustrated and described in 



British Patent Specification No. 1,320,356, 65 
which corresponds to Bulgarian Patent 
Specification No. 14017. Alternatively, each 
mechanism could be according to either of 
the less sophisticated designs as illustrated 
and described in Bulgarian Patent Specifi- 70 
cations Nos. 10986 and 12045. 

Driven by the motors 3 and 4, the mecha- 
nisms 1 and 2 feed the electrode wire 7 
through the long flexible tube 5 connecting 
the wire-feeding mechanisms 1 and 2. The 75 
electrode wire 7 is unrolled from the spool 
8. A connection between the motors 3 and 
4 is provided by the electric connection of 
the wires 12 between the regulators 9 and 

14 of the motors 3 and 4. 80 
The operation of the arrangement shown 

in Figure 1 is as follows : 

Initially the current source 13 is switched- 
on and the electrode wire 7 is passed throu^ 85 
the long flexible tube 5 and the tube 6 of 
the handle 10. A contact 19 associated with 
the handle 10 (or a contact of a relay con- 
trolled via the handle 10) is open and the 
motor 4 is stationary. In this position the 90 
motor 4 consumes from the current source 

13 a negligible current (equal to the excita- 
tion current) which produces across the re- 
sistance 15 a voltage drop which is insuffi- 
cient to switch-on. the regulator 14. For this 95 
reason, also the pulling motor 3 is station- 
ary. 

At a given moment the contact 19 is 
closed, the motor 4 is started, and through 
the resistance 15 flows a considerable cur- 100 
rent, the voltage drop of which is fed to the 
regulator 14, which supplies voltage to the 
motor 3, The motor 3 is accelerated with the 
motor 4, but more slowly than the motor 

4 because of the characteristics of its regu- 105 
lator. At the same time the pulling mecha- 
nism 2 pulls out of the long flexible tube 

5 the electrode wire 7, and its quantity there 
is gradually reduced as the electrode wire 

is put under tension and thus straightens 110 
(see Figure 2). The wire 7 contacts tightly 
the walls of the flexible tube 5 at the points 
A, B, C and D thus producing friction. As 
a result the mechanical resistance in the 
tube 5 is increased, and since the rollers of 115 
the pulling planetary wire-feeding mecha- 
nism 2 are directly connected to the axle 
of the motor 4, the latter is loaded more 
heavily. Seeking to maintain the speed of 
the motor 4 constant, the regulator 9 in- 120 
creases the current which is supplied to the 
motor 4 from the current source 13. This 
causes the voltage drop on the resistance 

15 to increase, Sius causing the regulator 

14 to increase the current supplied to the 125 
pushing motor 3. The latter is accelerated 

to a speed higjher than that of the motor 4, 
pushing thereby more electrode wire 7 into 
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the long flexible tube 5 than the pulling 
head of the planetary wire-feeding mecha- 
nism 2 can pick up, flius creating an excess 
of wire in the tube. In this case the wire 
5 contacts the interior of the tube at further 
points F, G, H, I, J. IC, but it is not 
stretched (see Figure 3). The pulling motor 
4 becomes less loaded, this being indicated 
by a reduction of the current passing 

10 through the resistance 15. The regulator 14 
correspondingly reduces the power which is 
supplied to the pulling motor 3. thus re- 
ducing its speed considerably. The quantity 
of electrode wire 7 in the flexible tube 5 

15 is again reduced, the pulling motor 4 is 
loaded additionally, and fhe process is 
again repeated. Only after several fluctua- 
tions does the pushing motor 3 equalize its 
speed with the speed of the pulling motor 4. 

20 When the contact 19 is reopened the pull- 
ing motor 4 stops, its consumption drops im- 
mediately to its excitation, current only, and 
the regulator 14 stops the power supply to 
the pushing motor 3 so that the latter stops 

25 also. 

The character of the change of the speed 
of the pushing motor 3 as the illustrated 
arrangement starts up is illustrated in Fig- 
ure 5, where Vk indicates the speed of the 

30 pushing motor 3 and the speed 'of the 
pulling motor 4. 

In the case of abrupt changes in tlie rela- 
tive length between the electrode wire 7 and 
the flexible tube 5, as a result of the bend- 

35 ing of the latter, there takes place a stretch- 
ing of the electrode wire (Figure 2) or a 
slackening of the electrode wire 7 CPigure 
3). Then the length of the electrode wire is 
relatively greater or smaller than that of the 

40 flexible tube 5. In certain severe cases an 
electric slip may take place between the 
stator and rotor of the wire pushing motor 
3 to absorb the mechanical shock at the 
pushing mechanism 1, instead of the rollers 

45 of the mechanism slipping on the electrode 
wire 7. 

The advantages of the illustrated and 
described arrangement lie in that is pro- 
vides the following possibilities : to increase 

50 the maximum distance of feeding electrode 
wire per unit electrical power consumed, 
because of the possibility to use substan- 
tially the maximum torque and thus the 
total rated electric power . of the electric 

«5 motors 3 and 4; reduction and possibly 
elimination of mechanical slip between the 
drive rollers and the electrode wire 7 when 
there occurs a change of length of the elec- 
trode wire 7 with respect to the flexible 

60 tube 5; to improve the um'formity of feed- 
ing and to achieve a stable arc in tlie case 
of semiautomatic welding; simplicity of the 
welding equipment because of the lack of 
control cables and connections. The con- 

65 nection between both motors 3 and 4 is 



effected by means of two or the three cable 
cores in the sheath of a standard tube; a 
high sensitivity to suddenly arising mecha- 
nical resistances' and a possibility of rapid 
restoration of the uniformity of feedmg; 70 
and a high quality of the fed electrode wire 
7 because of the reduction or lack of mecha- 
nical slips between the wire 7 and the drive 
rollers. 

75 

WHAT V/E CLAIM IS: — 

1. A feed arrangement suitable for feed- 
ing a welding electrode which is in the form 
of a wire, the arrangement comprising two 
feeding mechanisms arranged at opposite 80- 
ends of a flexible tube through which a 
wire-form electrode is to be fed in the direc- 
tion to one from the other of the feeding 
mechanisms, there being flrst and second 
electric motors arranged for driving the one 85- 
and the other feeding mechanisms respec- 
tively, the first motor being operable to drive 
the one feeding mechanism at a substan- 
tially constant rate of electrode feed despite 
variation in mechanical resistance to the 9Q 
electrode feeding motion and the second 
motor being arranged to increase and de- 
crease the speed of the other feeding mecha- 
nism in response to increase and decrease 
respectively of the value of the current 95 
drawn by the first motor, wherein said one^ 

of the two feeding mechanisms is a planet-' 
ary feeding roller feeding mechanism ar- 
ranged such that the drive rollers thereof 
which are arranged to contact the electrode lOO- 
and apply feeding force to it are mechani- 
cally connected to the rotor of the associ- 
ated drive motor without any reduction 
gearing being connected between said rollers 
and said rotor. 105 

2. A feed arrangement according to 
claim 1, wherein said other of the two feed- 
ing mechanisms is a planetary roller feed- 
ing mechanism arranged such that the drive HO- 
rollers thereof wliich are arranged to con- 
tact the electrode and apply feeding force 

to it are mechanically connected to the rotor 
of the associated drive motor without any 
reduction gearing being connected between 115 
said rollers and said rotor. 

3. A feed arrangement according to 
claim 1 or 2. wherein the first and second 
electric motors are d.c. motors. 120* 

4. A feed arrangement according to any 
one of the preceding claims, and compris- 
ing a spool for electrode wire and a current 
source for the arrangement both disposed 125 
adjacent to the second motor. 

5. A feed arrangement according to any 
one of the preceding claims, and comprising 

a welding tool with which there is associ- 130^ 
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ated a starting contact for the arrangement 
and a regulating potentiometer for the first 
motor. 

5 6. A feed arrangement according to any 
one of the preceding claims, wherein an 
electric connection between the first and 
second motors is provided by two conduc- 
tors built into the flexible tube. 

10 

7. A feed arrangement suitable for feed- 
ing a welding electrode which is in the form 
of a wire, the feed arrangement being sub- 
stantially as hereinbefore described with 
15 reference to Figure 1 of the accompanying 
' drawings. 
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